The transverse momentum distribution of the direct photons measured by the PHENIX collaboration in Au + Au collisions at √ s = 200 GeV/A has been analyzed. It has been shown that the data can be reproduced reasonably well assuming a deconfined state of thermalized quarks and gluons formed at an initial time τ i = 0.2 fm/c with initial temperature T i = 400 MeV.
Study of photon spectra emanating from hot and dense hadronic matter formed in ultra-relativistic heavy ion collisions is a field of considerable current interest. Electromagnetic probes have been proposed to be one of the most promising tool to characterize the initial state of the collisions [1, 2] . Because of the very nature of their interactions photons and dileptons suffer minimum rescattering and therefore, can be used as an efficient tool to extract the initial temperature of the system. By comparing the initial temperature with the transition temperature estimated from lattice QCD, one can infer whether Quark Gluon Plasma (QGP) is formed or not.
In contrast to the earlier results [3] PHENIX collaboration has analyzed the data by using a novel technique and reported [5] excess direct photons over the next to leading order perturbative QCD (NLO pQCD) processes for Au +Au collisions at √ s = 200A GeV. The corresponding theoretical analysis of results presented in Ref. [3] was performed in Ref. [4] . The purpose of the present work is to analyze the new experimental result and infer the initial temperature of the system formed after the collisions. Let us identify the possible sources of "excess" photons above those coming from the decays of π 0 and η mesons, as provided by the data. Photons from the decays of π 0 and η are subtracted from the data and hence will not be discussed here. For the transverse momenta spectra of the photon, first we focus on the high p T domain. These are populated by the the prompt photons originating from the hard collisions of initial state partons in the colliding gold nuclei. This is believed to be the domain where contributions can be estimated by perturbative QCD (pQCD). We use next-to-leading order (NLO) predictions by Gordon and Vogelsung [6] from p − p collisions and scale it up by the number of collisions for Au − Au collisions to obtain the prompt contributions to the direct photons. It should be noted here that NLO prediction does not require any intrinsic k T smearing to explain the p − p data [7] .
The estimation of the thermal contribution depends on the space-time evolution scenario that one considers. In case of a deconfinement phase transition, which seems to be plausible at RHIC energies (see [8] for a review), one assumes that QGP is formed initially. The equilibrated plasma then expands, cools, and reverts back to hadronic matter and finally freezes out at a temperature ∼ 120 MeV. Evidently there will also be thermal radiation from the luminous hadronic fireball which has to be estimated properly in order to have a reliable estimate of the initial temperature.
The photon emission rate from QGP to order α s has been extensively studied by various authors [9, 10, 11, 12, 13] . We use the results given in Ref. [13] . The parameterizations of the emission rates for various processes are available in Ref. [14] .
While evaluating the photon productions from hadronic phase we consider an exhaustive set of hadronic reactions and the radiative decay of higher resonance states [15, 16, 17, 18] . The relevant reactions and decays for photon productions are: (i) π π → ρ γ, (ii) π ρ → π, γ (with π, ρ, ω, φ and a 1 in the intermediate state [19] ), (iii)π π → η γ and (iv) π η → π γ, ρ → π π γ and ω → π γ. The corresponding vertices are obtained from various phenomenological Lagrangians described in detail in Ref. [15, 16, 17, 18] . In addition, other decays such as: [20] , although their contributions are small for p T > 1 GeV, the relevant range where experimental data from PHENIX are available now. All the isospin combinations for the above reactions and decays have properly been taken into account.
Various experiments suggest that the spectral functions of hadrons are modified in a dense nuclear environment [21, 22, 23] . The enhancement of lepton pair yield in CERES data [24] below the ρ-mass can only be explained by assuming the in-medium modifications of the ρ meson [25, 26, 27, 28] in hot and dense medium. Therefore, in-medium hadronic properties should be taken into account while evaluating photon productions from hadronic matter. The nature of changes in the hadronic spectral function at non-zero temperature and density is not known from first principle at present. In absence of this one has to rely on calculations based on various phenomenological models (see [2, 25, 29] for a review). In the present work we use the Brown-Rho scaling scenario [30] for in-medium modifications of hadronic masses (except pseudoscalars). For the space-time evolution we use ideal relativistic hydrodynamics in (3+1)D [31] along with longitudinal boost invariance [32] . The initial temperature (T i ) of the QGP state has been taken as T i = 400 MeV, the initial thermalization time τ i = 0.2 fm/c and the number of flavours, N F = 2.5.
For a scenario where the properties of the hadrons are kept at their vacuum values we take τ i = 0.15 fm/c and T i = 592 MeV to compare with the spectra obtained in Ref. [4] . A comments on the smaller thermalization time scale is in order here. The photon emission rates evaluated in [9, 10, 11, 12, 13] are valid for a system of quarks and gluons in complete thermal and chemical equilibrium. Therefore, while using these one must justify that quarks and gluons have achieved a complete equilibrium within such a small time (0.15 fm/c) scale.
The other inputs required to solve the hydrodynamical equations are the initial energy density and radial velocity profiles. For this purpose we use,
We consider all the resonances with mass < 2.5 GeV /c 2 for the hadronic matter equation of state (EOS) and in the QGP phase a bag model type EOS is used. The transition temperature is taken as T c ∼ 190 MeV as obtained from lattice QCD [33] recently. The velocity of sound is taken as c The resulting spectra obtained in the scenario described above are contrasted with the recent PHENIX measurements of direct photons in Fig. 1 . We observe that the results for two different initial conditions reproduce the data quite well with hadronic rates obtained in Refs. [15, 16, 17, 18] . It should be noted that here that the authors of Ref. [4] have used the emission rates from hadrons given in Ref. [35] . However, for similar initial conditions both the rates as given in Refs. [15, 16, 17, 18] and Ref. [35] describe the data equally well.
The reduction of hadronic masses (except the pseudo-scalars) in a thermal bath increase their abundances and hence the rate of photon emission gets enhanced. As a result a smaller initial temperature is seen to reproduce the data reasonably well. Hence to estimate the initial temperature through photon spectra it is imperative to understand the properties of hadrons in hot and dense environment. In the present work the medium corrections, as mentioned before, have been incorporated.
In summary, we have analyzed the direct photon data presented by PHENIX collaboration for Au + Au collisions at √ s = 200 A GeV. The data can be reproduced by assuming a deconfined state of quarks and gluons with initial temperature ∼ 400 MeV and thermalization time scale ∼ 0.2 fm/c. The extracted average temperature is found to be ∼ 310 MeV for the p T range 1.25 to 2.75 GeV. This indicates that the average temperature is higher than the critical temperature T c .
